This paper puts forward the benefits of a transdisciplinary approach to environmental management, using urban New Zealand use and value of freshwater as a case study. New Zealand is not water poor, but suffers from regional seasonal stresses on freshwater resources. The old mindset that water is a free gift from nature prevails within the water management industry, encouraging unsustainable consumption behaviours that are likely to develop into significant economic dis-benefits. Existing pricing structures are obscuring signals of both water shortages and wasteful practices, raising concerns that New Zealand urban water is underpriced and undervalued. The paper aims to fit a transdisciplinary research framework, drawing from economic, social and environmental disciplines, to establish options for resource management and asset investment. By the coupling of values with consumption, and the willingness to pay for environmental goods and services, this framework maximises environmental and welfare objectives aligned with sustainable development goals.
Introduction
Improved understanding of the interconnectedness in nature and the complexities of environmental problems emerged at an increasing rate throughout the second half of the last century [1] [2] [3] . The deficiencies of discipline-based research in dealing with these problems has become increasingly evident, resulting in the willingness to accept policy change is poorly understood in most water management districts. This commonly prohibits the implementation of technological and policy improvements, affecting asset investment decisions and thus continues to foil attempts to create sustainable, low impact urban communities.
Social
How resources are managed depends upon a society's perception of value. This may change with an improved understanding of management options and subsequent consequences for the economy, society or the environment. Thus, imperative to sustainability is the continuous evaluation of community attitudes and expectations with regards to resource management, and mapping of divergent interests to deal appropriately with stakeholder conflicts [16] . Only by knowing these multiple realities can one design policies that, whilst deemed acceptable, pull communities' behaviours away from wasteful consumption towards ecologically sustainable resource utilisation and asset investment.
The implementation of large scale demand management strategies have consistently demonstrated that technological fixes alone can not adequately address issues of urban freshwater management [17] [18] [19] [20] [21] . Evidence is emerging that there is support for demand management to be utilised to its full potential, and that pricing structures/adjustments are favoured over water rationing both in New Zealand and other countries [22] [23] [24] [25] [26] [27] .
Effecting behavioural changes demand that stakeholders (or problem owners/ water consumers) take responsibility for the environmental effects of their actions. Kolokytha et al [18] and Nancarrow et al [19] explored the relationship between how people perceive themselves as water consumers and consumption behaviour. Both studies found that how consumers valued water did not significantly affect consumption behaviour. These results indicate a present decoupling of values and environmental behaviours.
Economic
The traditional economic approach to infrastructure development considers water a public good funded in full by governmental agencies. However, shifting trends in water pricing in OECD countries have seen an increase in the use of full costrecovery pricing structures, and an increasing use of volume based charges [10] . It is considered that this shift has contributed to a stabilisation of demand, or in some European cities, net reductions in demand [28] . Urban water supply contains two major components of cost: infrastructure and storage, and supply operations. The cost recovery process likewise entails two components, one to cover the investment in infrastructure assets, and the other the marginal cost of water use [24, 29] . Scarcity and/or ecological externalities on the other hand are commonly not factored into the pricing equation. Charges for water are typically set by local utility operators owned or subsidised by local government and are charged either through the general rating structures, or by volume, with an additional fixed charge component. Such pricing structures for urban water supplies prevent signals of water shortages and encourage wasteful practices www.witpress.com, ISSN 1743-3541 (on-line) raising concerns that urban water is both under-priced and under-valued, with cross-subsidies commonly obscuring signals of the real value of water [13] .
Social equity concerns are often, and justifiably, contentiously argued in the water pricing debates. The established benchmark affordability level for household water and sanitation expenditure is set at 4-5% of the household income [10] . On average, residents in New Zealand cities spend 2% or less for water and sanitation, and thus can afford to squander the resource.
Allocation of water resources is rapidly becoming a significant issue in Christchurch, New Zealand's third largest urban centre, where potable supplies and urban streams both originate from high quality aquifers. Abstraction for urban supplies has caused diminished water-flows in streams, affecting both ecological and recreational values. The community's willingness to pay for the retention of flows in Christchurch streams has been found to be relatively high, suggesting that some New Zealand communities readily accept that environmental protection has benefits [25] . Whether this is reflected in a willingness to change behaviour, or merely suggesting an acceptance of importing water from rivers further a field has not been subjected to research.
Cultural
Water is a unique raw material, not only essential for life and economic activity, but also people's cultural identity. Recreation, amenity values and the spiritual connections to water is by current management practise decoupled from people's perceptions of the value and willingness to pay for water in the city.
The New Zealand cultural perspective is unique. Maori, New Zealand's indigenous people, proclaim a special relationship with water and have inherent strong 'views' on, and are sensitive to, water management practises and the protection of mauri (life-force) [13] . It has been suggested that to meet sustainability objectives, infrastructure services need be provided in a way that protects cultural heritage values, give due consideration to customary interests in natural resource use, and allow participation of Maori as partners in decisions regarding natural resources [30] .
Problem representation: segregation
How do these aspects interlink into one system? For urban water management to be sustainable it must be integrated across management fields and consider potable water, stormwater, wastewater and natural water bodies as part of one system. This approach requires the integration of built form into the strategic planning, as well as demand management and water recycling schemes across several scales [31] . Barriers to such integration remain amongst water industry managers, policy makers and the consumer community at large. Urban water consumption.
Problem solving: coupling values and price
This paper purports addressing unsustainable urban water management trends through a framework that draws from the disciplines of urban ecology, resource economics, ecological economics, engineering, water industry and planning/policy science from a values perspective. Figure 2 shows this transdisciplinary framework for the urban water management sector including components at four cognitive levels, and illustrates the broad range of management fields that need to be included (as opposed to consulted with) as stakeholders in a holistic water management system.
Figure 2:
A transdisciplinary framework for urban water management (Adapted from [5] The role of a transdisciplinary researcher would be to facilitate the inclusion of methodologies from these fields, to map divergent interests, to promote synergy and learning between and within each participant, and to devolve responsibilities and accountabilities.
The construction of a transdisciplinary framework that 1) identifies consumer barriers to technical fixes such as greywater recycling and rainwater collection and use (reducing polluted runoff to streams and stormwater treatment expenses); 2) identifies and quantifies the willingness to pay for environmental goods and services (consumer surplus); and 3) identifies the perceived values of water; should enable the water management industries to remove barriers, to couple the consumer surplus with the perceived values and thus allow asset investment to be ecologically as well as economically efficient.
Discussion
A transdisciplinary framework aligning urban water pricing policy with sustainable development objectives should include performance indicators of current water management practises against ecological sustainability indicators; a pricing structure for urban water that promotes sustainable resource use; and a strategy for enhancing public perception and value of water to encourage the acceptance of a pricing structure supporting desirable economic, environmental and social outcomes.
Value and price
The discrepancy between communities' values and perceptions on one hand and urban water consumption behaviour on the other can be explained by the decoupling of water as an ecological good, and water as an economic good ( Figure 3) . Analyses of consumers' understanding of pricing policies and their willingness-to-pay response to alternative pricing structures could clear the way for incorporating an extended subjective utility function accounting for ecological values and ecologically sustainable water service provision. A costbenefit analysis based on such a function is likely to support the investment in decentralised, water-shed based reticulation models for low impact urban design.
This would in turn allow resource managers to develop pricing policies reflecting the ecological values of water.
If ecological sustainability is a goal for society, policies must be developed that allow ecological rents into the traditional pricing equation. By asking the community how much more they would be willing to pay for water if the price included resource protection and conservation measures would assign value to the resource, and be used to assign value to behavioural changes, encouraging community responsibility and accountability.
Sustainable decision making
Conventional cost-benefit analysis (CBA) allows choosing a policy alternative among others on the criterion of economic efficiency. The use of multi-criteria www.witpress.com, ISSN 1743-3541 (on-line) analysis (MCA) has increased significantly in the last two decades as an attempt to satisfy often conflicting objectives of multiple stakeholders in decision making [32] . Holz et al [33] point to some of the limitations of CBAs and MCAs, and posit bridging the dichotomous "calculate or communicate" divide by the structure of a framework drawn from both approaches.
Figure 3:
Relationship between values, price and consumer behaviour.
One approach to policy analysis in a transdisciplinary framework is the use of system dynamics modeling. System dynamics models the interactions of population, ecological and economic systems using feedback loops [34] . Stocks and flows connections are used to run "what if" simulations to test certain policies, and can as such greatly aid managers and communities in understanding how the system changes over time [35, 36] .
Effecting behavioural changes demand that consumers take responsibility for the environmental effects of their actions. This needs to be facilitated by policies aimed at encouraging environmentally responsible behaviour. The benefits of using a transdisciplinary approach to assess current and alternative water management, investment and pricing policies include the capacity to couple choice modeling with system dynamic modeling, allowing consumers to visualise the consequences of management options aiding in assigning value to behavioural changes. 
